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S. Bhattacharya (1) , R. Banerjee (2) , R. Ghosh (2) , A.P. Chattopadhayay (3) & A. Chatterjee (4) Introduction Of all the vesicular diseases prevalent in West Bengal and other eastern parts of India, foot and mouth disease (FMD) remains -almost throughout the year -the greatest and most feared scourge of both domestic and wild clovenfooted animals (2, 3, 4, 9) . The morbidity of the disease is extremely high although mortality is low, generally below 5% (though it may be as high as 50% when the virus invades the heart muscles of younger animals).
The disease is characterised by the formation of vesicles and subsequent ulceration, generally in the mouth, feet and udder portions. The virus exhibits its pathologic effect on some vital hormone glands, which control the metabolic functions in the body (10) . The resulting malfunction of the glands may cause panting, restlessness and reduced breeding capacity and, in draught animals, loss of strength. In cows, infection of udders and teats may progress to mastitis that causes permanent milk loss. The infected animals remain severely debilitated for a considerable period of time, and the disease is accompanied by permanent loss (~25%) of productivity (7) .
Among the seven distinct serotypes, O, A, C and Asia-1 types are the causal agents for FMD outbreaks in West Bengal, as in India more generally. Type O FMD virus (FMDV) is responsible for the greatest number of outbreaks, followed by types Asia-1, A, and C (1). Studies of the pattern of disease in the rest of the country, including the neighbouring states, produced an identical picture of the prevalence of different serotypes of the virus. A high priority is now being given to control of the disease, as the export potential of the livestock industry has been greatly reduced by trade barriers imposed by FMD-free countries.
With a total area of 88,752 km 2 , the state of West Bengal is quite different in terms of its geography from most of the other states of India. It is bounded to the north by the Himalayan Mountains and to the south by the Bay of Bengal. There is a long international border with Bangladesh along the eastern boundary of the state, and inter-state borders with Bihar and Orissa in the west. In the north, the state borders Sikkim and Bhutan, in the northeast Assam, and in the northwest Nepal.
In terms of agro-climatic conditions, West Bengal is divided into six zones: -the hill zone -the tarai zone (the foothills of the Himalayas) -the new alluvial zone -the old alluvial zone -the coastal zone -the lateritic zone.
The endemic pattern of FMD in West Bengal is marked by regular fluctuations in the frequency of the disease both within and over the years. This paper attempts to analyse the outbreaks of FMD in the state of West Bengal in order to define the endemicity of its occurrence for the 18-year period from 1985 to 2002.
Materials and methods
The data source for this study was the information generated and contained in the Annual Reports of the All India Co-ordinated Research Project (AICRP) for Epidemiological studies on FMD, Kolkata Regional Centre, West Bengal, India, which comprises the official data from the Veterinary Services. It should be noted that the analysis is based upon the reported cases of FMD outbreaks during the period of study.
Prior to 1997, confirmation of the disease was performed by a complement fixation test, following the protocol laid down by Ferris et al. (13) . Since 1997/1998, an indirect sandwich enzyme-linked immunosorbent assay (ELISA), as described in the protocol laid down by Bhattacharya et al. (5) , has been adopted for confirmatory diagnosis of the virus in the samples from FMD outbreak areas.
Results
In all, 1,082 FMD outbreaks were reported from different districts of West Bengal over the 18-year period. The annual occurrence of reported outbreaks is shown in Figure 1 , and the seasonal variation in Figure 2. (As discussed below, the FMD virus could be recovered in only 949 cases, see Table I .) The distribution of different FMDV serotypes is depicted in Figure 3 . Among the four serotypes prevalent in this state, the greatest number of incidences were due to type O (67%), followed by type Asia-1 (15%), type A (14%), and type C (4%) FMDV. Table I shows that not a single FMD outbreak due to type C virus was reported before 1990 or since 1995. In the six-year period when such cases did occur, only 37 outbreaks due to type C FMDV were reported from the different districts of West Bengal. The incidences of FMD outbreaks increased gradually following the post-monsoon period. The greatest number of outbreaks were observed during the pre-winter to postwinter season, from September onwards. The monthly Table II and Figure 2 . The highest number of FMD outbreaks happened in the month of April (8.56 ± 2.00) and the incidence decreased from the monsoon (early June to mid-August) to the postmonsoon period, with the lowest number of cases of FMD observed in the month of June (2.00 ± 0.65). Densities of FMD-susceptible livestock per square kilometre in different agro-climatic zones of West Bengal are shown in Table III .
Discussion
Out of 1,082 reported outbreaks, FMDV could not be identified in 133 cases, probably due either to late reporting or to the very poor quality of samples. The possibility that cases could have been misdiagnosed on purely clinical grounds should not be ignored. In many instances the symptoms were not obvious and were very mild, and these may have remained undiagnosed. In addition, many of the outbreaks occurred in villages in the interior, where poor transport facilities meant that samples could not be dispatched with sufficient speed to the regional centre at Kolkata. An in-depth study revealed that at least 80% of the cases in the less accessible areas of the state had gone unreported. It may be estimated that only 10% to 20% of the cases of FMD were reported, due to an inadequate reporting system and lack of awareness among farmers. During the period of study, it was observed that cattle suffered most from the disease, accounting for at least 95% of the incidences throughout West Bengal. The remaining 5% of cases occurred primarily in goats, buffaloes and pigs. In a very few cases in zoos or wildlife sanctuaries, wild animals like elephants, deer, gayals and kangaroos were also affected.
Climate and transmission
Transmission of the FMDV from one animal to another through an aerosol pathway is one of the major routes for spread of the disease (11, 12) . During the rainy season, between June and August, heavy rain, high relative humidity (RH) and moist winds may inhibit aerosol transmission of the disease. During this season also, the movement and transport of animals from one place to another is hindered in some areas by heavy rain or floods.
In the winter months, from October onwards, however, the number of reported outbreaks increased due to favourable climatic conditions of dry weather and dry winds with low temperatures and moderate RH. Such favourable climatic factors might cause more rapid propagation of the viral disease among the susceptible animal population. In the summer month of May, due to extremely hot weather (with average temperatures of 38ºC to 42ºC), the number of FMD outbreaks was greatly reduced. The effect of environmental factors on the incidence of FMD had also been considered in earlier reports (6, 8, 11, 12, 14) .
Density, animal movement and transmission
The FMD-susceptible animal population is much less numerous and more scattered in the hilly region of West Bengal (186 animals/km 2 ) than elsewhere, and at higher altitudes the movements of animals are also more limited. Moreover, the climate of this region to some extent inhibits the natural spread of the disease. Thus there were fewer reported outbreaks (24 in all) from this region.
In the tarai region also, the number of FMD cases was small (38), possibly due to the relatively low density of susceptible animals (221 animals/km 2 ), combined with environmental factors like maximum annual average rainfall and high RH.
Natural barriers like seacoast, rivers, canals and nalas (streams running from canals) separate the areas of the coastal region, and flooding is common during the rainy season. Clearly the limitations on animal movements observed within those areas meant less chance of contact between healthy and affected animals. Those factors might have been responsible for the lower number of FMD cases (142) during this period.
The highest numbers of outbreaks (772) were reported from the two alluvial regions (old and new) during this study. These regions have a moderate temperature, relatively low humidity and lower average rainfall. Each and every environmental parameter favoured the natural spreading of the disease among the susceptible animals of different districts. A comprehensive study revealed that the alluvial regions have a higher number of animals -mainly cattle, including crossbred and indigenous -per square kilometre than the other agro-climatic regions of the state. This, in conjunction with higher rates of animal movement (Fig. 4) , are the major routes for transport and movement of cattle and other animals, including buffaloes, goats, sheep and pigs, which are brought together in the cattle markets. These marketplaces play a pivotal role for disease transmission, either through direct contact or via fomites and aerosols, from infected animals to healthy ones.
Major transport routes
Various major animal transport routes have been studied in West Bengal. In the northern part of the state, animals are carried mostly from Purnia and Kishanganj in Bihar on NH-31 to different cattle markets in various districts of north Bengal, and even to Darjeeling and Sikkim. In the southwest part of the state, the animals are carried via NH-5 and NH-6 to Mohanpur block of Midnapur (west) district through Jaleswar in the Balasore district, and from the Baripoda and Bangriposi districts of Orissa (a block comprises from three to five panchayats, each with several villages). After that, the animals are taken to the neighbouring districts by different routes: NH-6 and the Danton-Belda road.
From the western part of the state, animals are taken to Balarampur in the Purulia district, mainly from the Haldipukur cattle market at Tatanagar, Jharkhand, the Bazra cattle market of Orissa and the Sargipally, and Sarongarh cattle market of Madhya Pradesh. 
Vaccination
In West Bengal, control of FMD is primarily possible through proper vaccination programmes. The epidemiological surveillance of the disease is essential for the application and monitoring of these programmes. To prevent the spread of the disease, the primary requirements are to identify FMD-affected animals and segregate them from healthy ones. This in turn will require a strengthening of the checkpoints and adoption of strict quarantine measures.
Vaccination against FMD in the state has been practised for the last 20 years and is still in use. Given the size of the animal population, the lack of funding and the shortage of vaccines, however, vaccination has been used for only a meagre number of useful, productive, crossbred and exotic animals. Previously, aqueous/gel polyvalent vaccines were used in the FMD control programme. As these gel vaccines confer only a brief immunity, however, they have been replaced by oil adjuvant polyvalent vaccines, which are expected to provide better control of the disease.
Conclusion
This 18-year analytical study of FMD in West Bengal offers valuable insights for better understanding the various aspect of disease transmission as a whole. At the same time, the study also underlines the need to give more attention to key areas that in turn will provide information to help formulate an effective, improved control strategy to prevent the spread of the disease. De los cuatro serotipos víricos prevalentes, el tipo O ha causado la mayoría de esos brotes (un 67%), seguido por los tipos Asia-1 (15%) y A (14%). La prevalencia más baja (un 4%) corresponde a los brotes causados por el tipo C, del que no se ha descrito ningún caso desde 1996. El estudio pone claramente de manifiesto que las tasas de incidencia son más altas en los meses de invierno y en las zonas agroclimáticas aluviales. Otros dos factores importantes en la incidencia de la enfermedad son la distribución y la densidad de las poblaciones sensibles a la fiebre aftosa en los diferentes distritos del estado. Debido a la libertad de desplazamiento del ganado de unos mercados vacunos a otros, la enfermedad se transmitía a los animales sanos tanto por contacto directo como por inhalación. La enfermedad ha afectado principalmente al ganado bovino, que representa un 95% de los casos. El seguimiento de la fiebre aftosa expuesto en este estudio proporciona datos sobre la endemicidad de la enfermedad que pueden ser útiles para formular una estrategia eficaz de cara a un programa de lucha.
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